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Abstract
Vertigo in children is more common than previously thought. However, only a small frac-
tion of affected children meet a physician. The reason for this may be the benign course of
vertigo in children. Most childhood vertigo is self-limiting, and the provoking factor can
often be identified.
The differential diagnostic process in children with vertigo is extensive and quite chal-
lenging even for otologists and child neurologists, who are the key persons involved in
treating vertiginous children. The cause of vertigo can vary from orthostatic hypotension
to a brain tumor, and thus, a structured approach is essential in avoiding unnecessary ex-
aminations and achieving a diagnosis. Common forms of vertigo in children are otitis me-
dia-related dizziness, benign paroxysmal vertigo of childhood, migraine-associated dizzi-
ness, and vestibular neuronitis. Orthostatic hypotension, which is not a true vertigo, is the
predominant type of dizziness in children. Vertigo is often divided according to origin into
peripheral and central types. An otologist is familiar with peripheral causes, while a neu-
rologist treats central causes. Close cooperation between different specialists is essential.
Sometimes consultation with a psychiatrist or an ophthalmologist can lead to the correct
diagnosis.
The purpose of this study was to evaluate the prevalence and clinical characteristics of
vertigo in children. We prospectively collected general population-based data from three
schools and one child welfare clinic located close to Helsinki University Central Hospital.
A simple questionnaire with mostly closed questions was given to 300 consecutive chil-
dren visiting the welfare clinic. At the schools, entire classes that fit the desired age groups
received the questionnaire. Of the 1050 children who received the questionnaire, 938 (473
girls, 465 boys)  returned it, the response rate thus being 89% (I). In Study II, we evalu-
ated  the 24 vertiginous children (15 girls, 9 boys) with true vertigo  and 12 healthy age-
and gender-matched controls. A detailed medical history was obtained using a  structured
approach, and an otoneurologic examination, including audiogram, electronystagmogra-
phy, and tympanometry, was performed at the Helsinki University Central Hospital ear,
nose, and throat clinic for cooperative subjects. In Study III, we reviewed and evaluated
the medical records of 119 children (63 girls, 56 boys) aged 0-17 years who had visited
the ear, nose, and throat clinic with a primary complaint of vertigo in  2000-2004. We also
wanted information about indications for imaging of the head in vertiginous children. To
this end, we reviewed the medical records of 978 children who had undergone imaging of
the head for various indications. Of these, 87 children aged 0-16 years were imaged be-
cause of vertigo. Subjects of interest were the 23 vertiginous children with an acute devi-
ant finding in magnetic resonance images  or computerized tomography  (IV).
Our results indicate that vertigo and other balance problems in children are quite com-
mon. Of the Helsinki University Central Hospital area population, 8% of the children had
sometimes experienced vertigo, dizziness, or balance problems. Of these, 23% had vertigo
sufficiently severe to stop their activity (I). The most common forms of vertigo in the
children examined at the clinic were otitis media-related vertigo, benign paroxysmal ver-
tigo of childhood,  and migraine-associated dizziness. More headaches and head traumas
were observed in vertiginous children than in healthy controls (II). The most common di-
agnoses of  clinic patients within the five-year period were benign paroxysmal vertigo of
childhood, migraine-associated dizziness, vestibular neuronitis, and otitis media-related
vertigo. Valuable diagnostic tools in the diagnostic process were patient history and oto-
neurologic examinations, including audiogram, electronystagmography, and tympanome-
try (III). If the vertiginous child had neurological deficits, persistent headache, or preced-
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Abbreviations
Ag................................ audiogram
BPVoC ........................ benign paroxysmal vertigo of childhood
CT ............................... computerized tomography
EEG............................. electroencephalography
ENG ............................ electronystagmography
ENT............................. ear, nose, and throat
HUCH ......................... Helsinki University Central Hospital
MAD ........................... migraine-associated dizziness
MRI ............................. magnetic resonance imaging
OME............................ otitis media with effusion
OM.............................. otitis media
PLF.............................. perilymphatic fistula
SNHL .......................... sensorineural hearing loss
VN............................... vestibular neuronitis
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1 Introduction 
Vertigo in children is infrequent and when it manifests it has a different clinical picture 
than in adults. In the literature, childhood vertigo has received much less attention than 
vertigo occurring in adulthood. Among otologists and child neurologists, the key clini-
cians treating vertiginous children, the differential diagnosis is not well established. Ver-
tigo in children is a diagnostic challenge for clinicians because of their immature periph-
eral and central vestibular systems and limited communication abilities (Eviatar and 
Eviatar 1977; Balkany and Finkel 1986). Meniere’s syndrome is rare in children, while 
benign paroxysmal vertigo of childhood (BPVoC) and other migraine equivalents are 
more common than in adults. Benign paroxysmal positional vertigo occurs very seldom in 
children because cupular deposits are a phenomenon of the aging vestibular labyrinth 
(Bachor et al 2002). Brainstem and cerebellar tumors are relatively more common in chil-
dren than in adults (Britton and Block 1988). The prevalence of vertigo in children re-
mains unknown. 
Vertigo in children, as in adults, is often divided into peripheral and central causes. Pe-
ripheral causes include otitis media (OM)-related vertigo, BPVoC, Meniere’s disease 
(MD), posttraumatic vertigo, perilymphatic fistula (PLF), vestibular neuronitis (VN), and 
labyrinthitis ( Blayney and Colman 1984; Balkany and Finkel 1986). Cochlear symptoms 
may be associated with vertigo or vertigo can occur as an isolated symptom, as in BPVoC, 
VN,  and vertigo caused by vestibulotoxic drugs ( D’Agostino et al. 1997). The most 
common central causes of vertigo or dizziness are epilepsy, migraine, multiple sclerosis, 
and tumors of the central nervous system (CNS). The predominant forms of vertigo in 
children are OM-related vertigo and BPVoC (Blayney and Colman 1984; Bower and Cot-
ton 1995), followed by migraine-associated dizziness (MAD) (Bower and Cotton 1995; 
Ravid et al. 2003), and vertigo of unknown origin (Blayney and Colman 1984).  In one 
study, cranial trauma was a leading cause of vertigo in children, followed by BPVoC, 
which is diagnosed by typical clinical symptoms and exclusion of all other known forms 
of vertigo (D’Agastino et al. 1997). When children with OM were excluded in another 
study, MAD, BPVoC, posttraumatic vertigo after head trauma, and MD were the prevail-
ing forms of vertigo (Choung et al. 2003). Orthostatic hypotension is a very common 
physiological phenomenon in children, although it is not considered to be true vertigo. 
Because many possible etiologies exist for vertigo, a systemic and structured approach 
that takes into account the patient’s age and the complaint is essential. Several authors of-
fer algorithms to facilitate the evaluation process and eliminate unnecessary and expensive 
examinations (Blayney and Colman 1984; Eviatar 1994; Ravid et al. 2003). Evaluation of 
a vertiginous child requires close cooperation between different specialists, with the most 
important roles often being filled by otologists (Britton and Block 1988) and neurologists 
(Blayney and Colman 1984; Balkany and Finkel 1986). 
A thorough history is the most valuable diagnostic tool in the evaluation process. A 
physical examination, particularly an otoneurologic examination, including audiometry, 
tympanometry, and electronystagmography (ENG), and in selected cases imaging of the 
head, laboratory tests, and electroencephalography (EEG) help to confirm the diagnosis 
(Balkany and Finkel 1986; Eviatar 1994; Bower and Cotton 1995; Ravid et al. 2003). 
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The aim of this work was to evaluate the prevalence of vertigo in children, the etio-
logical factors causing vertigo, and the methods employed to make the diagnosis. A fur-
ther objective was to determine the value of head imaging in vertiginous children.
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2 Review of the literature
2.1 History
The word vertigo derives from the Latin verb vertere (to turn). Dizziness, in turn comes
from the old English word dysig (stupid). The etymology of ataxia originates from the
Greek verb tassein (to put in order) (Merriam-Webster online dictionary).
The Columbia Encyclopedia Dictionary gives the following definition of vertigo:
“Sensations of moving in space or of objects moving about a person and the resultant dif-
ficulty in maintaining equilibrium. True vertigo, as distinguished from faintness, light-
headedness, and other forms of dizziness, occurs as a result of disturbance of some part of
the body’s balancing mechanism, located in the inner ear (e.g. vestibule, semicircular ca-
nals, auditory nerves). Labyrinthitis, or infection and irritation of the middle and inner ear,
is a common cause of vertigo. Elimination of infectious, toxic, or environmental factors
underlying the disturbance is essential for permanent relief ” (Columbia Encyclopedia
Dictionary, sixth edition 2001-2005). Vertigo is defined as an illusion of motion of the pa-
tient or of his/her environment. Vertigo implies a true equilibrium disturbance and is often
caused by problems in the inner ear balance organ (Eviatar 1994; Ravid et al. 2003).
 For the term dizziness, the same dictionary refers the reader to vertigo. Dizziness is
also described by the Merriam-Webster online dictionary as having a whirling sensation in
the head with a tendency to fall or of being mentally confused. Dizziness is a nonspecific
complaint that can describe many sensations, including lightheadedness, imbalance, or
disequilibrium. It can be the manifestation of such psychological disorders as panic attacks
or depression, or orthostatic hypotension (Eviatar 1994; Ravid et al. 2003). Dizziness can
also be described as a disturbed sense of relationship to space, or unsteadiness with a feel-
ing of movement (Bower and Cotton 1995).
Ataxia is described as lack of coordination of the voluntary muscles, resulting in ir-
regular movements of the body. Ataxia can be brought on by an injury, infection, or a de-
generative disease of the CNS, e.g. syphilis, encephalitis, brain tumor, or multiple sclero-
sis. (Columbia Encyclopedia Dictionary, sixth edition 2001-2005). In the Finnish lan-
guage, the word ”huimaus” is often used to describe both vertigo and dizziness, sometimes
also ataxia.
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2.2 Prevalence of vertigo in childhood
2.2.1 Population-based studies
Only one epidemiological study based on the general population of 2165 children is avail-
able. This Scottish study notes that vertigo in children is common but seldom diagnosed.
The prevalence of vertigo was 14%. The authors defined paroxysmal vertigo as “at least
three transient episodes of vertigo of the child or of the environment, severe enough to in-
terfere with normal activities and not associated with loss of consciousness or neurological
deficits”. Altogether 2% of children fulfilled these criteria (Russell and Abu-Arafeh 1999).
2.2.2 Hospital-based studies
The prevalence of vertigo in children varies considerably according to the specialization of
the clinic where the study is done (Table 1). The most common forms of vertigo in the
field of otology are as follows: OM-related dizziness, BPVoC, and unknown etiology
(Blayney and Colman 1984; Bower and Cotton 1995), labyrinthitis (Blayney and Colman
1984), and posttraumatic vertigo after head trauma (D’Agostino et al.1997). In neurologi-
cal studies, epilepsy-related vertigo (Eviatar and Eviatar 1977), MAD, BPVoC, and psy-
chic origin vertigo were predominant forms of vertigo (Eviatar and Eviatar 1977;
Weisleder and Fife 2001; Ravid et al. 2003). VN was also frequently seen in neurology
clinics (Eviatar and Eviatar 1977; Ravid et al. 2003).
2.3 Vertigo diseases in children
In studies based on examinations of patients at otolaryngology clinics, a higher incidence
of peripheral causes of vertigo, such as OM-related vertigo and VN, was seen than in stud-
ies in which patients have been referred to neurology clinics (Table 1). The most common
forms of vertigo in children are described in the sections below.
Review of the literature
Vertigo in Children 15
















Number of children 34 27 282 55 50 31 62
Clinic ENT ENT ENT ENT* Neurology Neurology Neurology
Peripheral causes
Otitis media 21 % 19 % *
BPVoC 15 % 18 % 21 % 25 % 4 % 19 % 16 %
Vestibular neuronitis 9 % 1 % 2 % 10 % 14 %
Meniere's disease 6 % 4 % 6 %
Endolymphatic hydrops 4 %
Perilymphatic fistula 4 % 1 %
Sudden hearing loss 3 %
BPPV 4 %
Labyrinthitis 3 % 11 % 18 %
Peripheral total 54 % 52 % 41 % 39 % 14 % 28 % 30 %
Central causes
MAD 12 % 7 % 5 % 31 % 10 % 35 % 39 %
Head trauma 9 % 4 % 30 % 7 % 8 % 3 %
Epilepsy 4 % 3 % 2 % 50 % 3 %
Infection (CNS) 6 %
Demyelinating disease 2 %
Central origin lesions 3 % 4 % 9 % 2 %
Central total 24 % 19 % 49 % 42 % 74 % 35 % 45 %
Other
Psychic 10 % 10 % 13 %
Unknown 12 % 30 % 9 % 18 % 19 %
Familial ataxia 3 % 3 %
Orthostatic hypotension 9 %
Others total 15 % 30 % 9 % 18 % 10 % 32 % 22 %
BPVoC, Benign paroxysmal vertigo of childhood * children with abnormal eardrums or tympanograms were excluded
BPPV,    Benign paroxysmal positional vertigo
MAD,    Migraine-associated dizziness
CNS,     Central nervous system
ENT,     Ear, nose, and throat
2.3.1 Migraine variants and complicated migraine
Migraine headaches and their variants, although rare, are the most common episodic disorders
in children. The neurological disturbances can sometimes mimic strokes, seizures, movement
disorders, and other diseases. These manifestations of migraine in childhood are called com-
plicated migraine or migraine variants. Childhood migraine variants may be precursors to or
associated with migraine (Parker 1997). The five known migraine variants (also known as mi-
graine-equivalent syndromes), which exist with or without headache, are BPVoC, cyclic vom-
iting, infantile torticollis, acephalic migraine, and acute confusional migraine (Parker 1997;
Al-Twaijri and Shevell 2002).
Complicated migraine headaches are unusual neurological symptoms that occur during the
course of a migraine headache. Headache is almost always present, but because of the child’s
disorientation, it cannot always be related to migraine. Ophthalmoplegic migraine, retinal mi-
graine, hemiplegic migraine, basilar artery migraine, and acute confusional migraine are forms
of complicated migraines. Patients with complicated migraine are at higher risk for having
strokes (Parker 1997).
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Children with infantile torticollis are infants or toddlers. The attacks last from hours to days
and are often associated with nausea, vomiting, pallor, and agitation. Older children with in-
fantile torticollis may have ataxia or vertigo as well (Parker 1989; Parker 1997). The age of
onset of BPVoC and cyclic vomiting varies markedly (from 9 months to 13 years in both),
with the mean age of onset being 5 and 6.5 years, respectively, whereas acephalic migraines
and acute confusional migraines are largely disorders of mid-childhood to adolescence (Al-
Twaijri and Shevell 2002). If the episode in cyclic vomiting is prolonged, it leads to dehydra-
tion (Parker 1997). In cyclic vomiting and acephalic migraine, coexisting typical migraine
syndromes were observed in more than half of cases. There is a clear gender predominance for
females and a strong history of migraine in all subtypes, ranging from 65% (cyclic vomiting)
to 100% (acute confusional migraines) (Al-Twaijri and Shevell 2002).
Several features distinguish seizures and  complicated migraines. A patient with compli-
cated migraine often has a history of typical migraine attacks, the evolution of symptoms and
signs is slower, the patient during and after the migraine attack more often has a memory of
the event, and nausea and vomiting are more common (Parker 1997). Basilar artery migraine
syndrome, which is a form of complicated migraine, occurs primarily in teenage girls, but may
begin earlier in childhood (Parker 1997). Vertigo is a relatively common symptom in basilar
artery migraine (Parker 1989).
Episodic ataxia type 2 (EA2) is an autosomal dominant episodic neurologic syndrome
characterized by hours-long paroxysmal ataxia, attacks of vertigo, fluctuating generalized
weakness, nausea, vomiting, and nystagmus. Migraine headaches occur in more than half of
the genetically defined patients.  EA2 episodes typically begin before the age of 20. The epi-
sodes are triggered by stress and exertion. A wide range of mutations in the CACNA1A gene
are associated with EA2. Low total cerebellar creatine can be an early sign of calcium channel
dysfunction in EA2 patients (Jen et al. 2004; Harno et al. 2005).
2.3.2 Benign paroxysmal vertigo of childhood
In 1964, Basser first described BPVoC and its typical clinical features. In his study, he also
considered differential diagnostics of childhood vertigo, but did not associate BPVoC with mi-
graine. While no proven etiology exists, BPVoC is considered to be a migraine variant, equiva-
lent, or precursor (Finkelhor and Harker 1987; Parker 1989; Lanzi et al. 1994; Parker 1997;
Russell and Abu-Arafeh 1999; Drigo et al. 2001; Al-Twaijri and Shevell 2002;). A family his-
tory of migraine can almost always be obtained, and the child later develops more typical mi-
graine attacks (Parker 1997).
BPVoC is a vestibular disorder characterized by sudden brief episodes of spinning vertigo,
rarely lasting more than a few minutes. During the attack the child is conscious and often
frightened, afterwards continuing to play as though nothing had happened. Pallor is frequently
associated with the attack, and nystagmus, sweating, and vomiting are occasionally present.
The attacks may occur in any position and are not provoked by head posture or movement. The
child typically clutches an adult until the attack ceases. The attacks are recurrent and may oc-
cur from many times per day to a few times per month. Typical age of onset is the first four
years of life, but 5-10 years is also possible. Soon after onset, the attacks become more fre-
quent, then gradually decreasing and disappearing around the age of 10 years (Finkelhor and
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Harker 1987). Cass et al. (1997) reported that children with BPVoC did not necessarily report
true vertigo, but more commonly described imbalance, movement-associated disequilibrium,
or paroxysmal lightheadedness.
The diagnosis of BPVoC is based on a typical clinical picture because all radiological
evaluations and otologic and neurological examinations, including ENG, audiogram (Ag), and
EEG, are normal. There is no treatment for BPVoC, and the attacks are self-limiting (Finkelhor
and Harker 1987; Parker 1997). Unrecognized, BPVoC can worry parents and be a discomfort
for the child. It is important to inform the family of the benign course of the disorder. BPVoC
is usually diagnosed only after the exclusion of all other known forms of vertigo (D’Agastino
et al. 1997).
2.3.3 Migraine-associated dizziness
Migraine has long been associated with vertigo, but controlled studies in children are lacking.
In a study of adults, vertigo occurred with or without headache and the duration of attacks var-
ied from minutes to days (Neuhauser et al. 2001).
Migraine headaches and their variants are the most common recurrent episodic disorders in
children. About 5-10% of children suffer from migraines (Parker 1997). Migraines become
more common as the child gets older, but this increase may simply be due to underdiagnosis of
migraine in younger children. There is a strong positive family history of migraine (Parker
1997). A typical child with vestibular migraine is a teenage girl with recurrent episodes of
headache and dizziness, a past history of motion sickness, a family history of severe head-
aches, and a normal neurological examination (Weisleder and Fife 2001). The current Interna-
tional Headache Society (IHS) classification of migraine does not include vertigo as a symp-
tom, although an association exists between migraine and vertigo and dizziness. This associa-
tion can be subdivided into causal, statistical, and coincidental associations (Neuhauser and
Lempert 2004).
The criteria for MAD (known also in literature as migrainous vertigo) are the following:
recurrent paroxysmal vertigo attacks, current or previous history of migraine (IHS criteria), at
least one migraine symptom (headache, phono- or photophobia, visual or other auras), and at
least two separate vertigo attacks, with other causes excluded. The pathophysiology of MAD is
unclear (Neuhauser and Lempert 2004).
MAD is important in the differential diagnosis of vertigo with spontaneous and positional
nystagmus. MAD can present in both central and peripheral vestibular disorders (von Brevern
et al. 2005). Vestibular symptoms with migraine are common, and vestibular and auditory
deficits may be temporary or permanent in children and adults (Harker and Rassekh 1987).
Migraine-associated vestibular symptoms can occur prior to the onset of headache, during
headache, or without headache (Parker 1989; Cass et al. 1997). Headache is considered to be
migrainous if it is described as pulsative or throbbing, localized, hemicranial, lasting for sev-
eral hours, and occurring in conjunction with nausea or vomiting and phono- and photophobia.
 The diagnosis of migraine-associated vestibulopathy requires awareness and a careful his-
tory-taking, including family history (Harker and Rassekh 1987; Parker 1989; Cass et al. 1997;
Weisleder and Fife 2001). No specific biological markers exist for MAD, and it is diagnosed
on the basis of history (Neuhauser and Lempert 2004). Correct diagnosis is important to ensure
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optimal treatment and to avoid unnecessary examinations or surgery (Harker and Rassekh
1987). The diagnosis of juvenile migraine is purely clinical, and a family history, primarily
maternal, supports the diagnosis. The most common early symptoms consist of vomiting, be-
havioral changes, sleep problems, pallor, vertigo or ataxia, and headaches (Barlow 1994).
Brain imaging is indicated for patients whose symptoms deviate from the typical migraine
profile (Weisleder and Fife 2001). A trial of prophylactic migraine medication, especially
when episodes are frequent and disabling, should be considered for both diagnostic and thera-
peutic purposes (Weisleder and Fife 2001). Treatment strategies for MAD include avoidance
of stress and dietary triggers, such as tyramine-containing foods, alcohol, and caffeine, and
adequate sleep and rest. The underlying migraine should be treated with medicine and possibly
anti-motion sickness medication. An associated anxiety or panic disorder should be treated
with behavioral therapy or pharmacotherapy, or both (Cass et al. 1997).
2.3.4 Otitis media-related vertigo
OM is the leading cause of healthcare visits by children, and it is the prevailing reason that
children consume antibiotics (Rothman et al. 2003; Rovers et al. 2004). It is also one of the
most common reasons for dizziness and vertigo in children, although the mechanism remains
obscure. Postural instability during otitis media with effusion (OME) results from pressure
changes in the middle ear (Grace and Pfleiderer 1990). Others believe that serous labyrinthitis
is responsible for the vestibular disturbances in children with chronic OME (Golz et al. 1998).
Pneumatic otoscopy is recommended as the primary and also the best diagnostic tool for
clinicians to distinguish OME from acute OM. Tympanometry can be used to confirm the di-
agnosis of OME. In acute OM,  ear pain is the most useful symptom (Rothman et al. 2003).
Children with severe visual impairments should be considered more vulnerable to such OME
sequelae as balance problems. Any balance problems or unexplained clumsiness with OME
should be noted and documented (Takata et al. 2003; American Academy of Pediatrics, Clini-
cal Practice Guideline 2004).
Most child patients with OME completely resolve after ventilation tube insertion (Crace
and Pfleiderer 1990; Colz et al. 1998). Results of vestibular tests, such as spontaneous and po-
sitional nystagmus by ENG, Romberg, and past-pointing, also normalize after myringotomy
and ventilation tube insertion (Koyuncu et al. 1999). Children with OME are more visually de-
pendent for balance than healthy controls, and they also show increased postural sway during
moving visual scene tests (Casselbrant et al. 1998). Because long-term sequelae, such as ab-
normal development of balance and vestibular function, may occur in children with recurrent
or persistent OME, early intervention is important (Casselbrant et al. 2000; Cawron et al.
2004).
2.3.5 Vestibular neuronitis
The etiology of VN in children, as in adults, is unclear. However, about half of the children
with VN have had a preceding upper respiratory tract infection (Dix and  Hallpike 1952;
Tahara et al. 1993; Taborelli et al. 2000). MRI with high-dose gadolinium showed enhance-
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ment of the vestibular nerve during acute VN in two adults, supporting a viral and inflamma-
tory cause for some patients with VN (Karlberg et al. 2004).
Children with VN typically recover within 2-4 weeks, and their prognosis is better than that
observed in adults (Shirabe 1988). Vestibulo-ocular reflex defects also recover better than in
adult patients with VN, indicating faster recovery of nystagmus and attenuated caloric re-
sponses (Tahera et al. 2000). VN was originally described by Hallpike in 1949. VN was found
to chiefly affect the age group of 30-50 years, with no gender preference. Five percent of their
patients with VN were under 20 years of age. They reported no cochlear signs or symptoms
and otoscopy was normal. The disorder appeared to be aggravated by head movements of all
kinds. The course of the disease was stated to be benign (Dix and Hallpike 1952). Typical
clinical signs and symptoms in patients with VN comprise horizontal rotational nystagmus,
which is aggravated by head motion, difficulties in standing and walking, and the tendency to
veer towards the affected side. The symptoms of malaise, pallor, nausea, vomiting, and sweat-
ing are nearly always present. Vertigo develops quite suddenly, is severe for a few days, and
gradually subsides over the course of a few weeks. Some patients may feel dizziness or imbal-
ance for months after the onset of VN (Baloh 2003). No cranial nerve abnormalities are asso-
ciated with VN. Headache and hearing loss are absent as well.
According to the original definition of VN, ENG should reveal pathology in a vestibular
organ. The diagnosis of VN today is based on a typical clinical picture and exclusion of other
possible causes of vertigo without putting too much emphasis on caloric responses, as these are
limited to testing of horizontal semicircular canals.
2.3.6 Meniere’s disease
Prospier Meniere already in an article in 1861 noted that children suffer from the same kinds
of symptoms as adults; these symptoms were later to be known as MD. He described children
with symptoms of a spinning feeling, pallor, vomiting, and a tendency to fall. After two or
three vertigo attacks, the children sustained hearing loss. In his article, Meniere encouraged
clinicians working with children to study this topic (Meniere 1861).
MD is about 100 times less frequent in children than in adults, with only 1% of affected pa-
tients being children (Hausler et al. 1987). According to Stahle et al. (1978), the overall MD
incidence in Sweden was calculated to be 0.05%.  In a Japanese study, the prevalence of MD
in vertiginous children was 2.9% (Akagi et al. 2001). Meyerhoff et al. (1978) reported that 3%
of Meniere patients were children. The prevalence of MD in a Finnish general population was
0.5% when the most recent criteria for MD were applied (American Academy of Otolaryngol-
ogy - Head and Neck Surgery (AAO-HNS) 1995; Havia et al. 2005); however, no children un-
der 12 years of age were included in this study.
Criteria for definite diagnosis of MD has been defined by the AAO-HNS in 1995 as fol-
lows: two or more definitive spontaneous episodes of vertigo lasting 20 minutes or longer, tin-
nitus or aural fullness in the treated ear, hearing loss on at least one occasion in audiometry,
with other causes excluded. Other diseases to be excluded are perilymphatic fistula (PLF),
posttraumatic vertigo, vestibular schwannoma, neuroborreliosis, and other  CNS causes, such
as epilepsy-related vertigo, MAD, vascular malformations, tumors, and multiple sclerosis.
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In children, the clinical presentation of MD is not as typical as in adults, and the triad of
vertigo, tinnitus, and sensorineural hearing loss is not as clear in very young children. Diagno-
sis of MD in children requires years of follow-up and careful examinations (Meyerhoff et al.
1978; Filipo and Barbara 1985; See et al. 2002) to exclude metabolic and inflammatory disor-
ders and underlying acoustic or physical trauma (Meyerhoff et al. 1978).
2.3.7 Delayed endolymphatic hydrops
Delayed endolymphatic hydrops (DEH) is a disease entity that typically occurs in patients who
have in childhood sustained a profound sensorineural hearing loss in one ear, usually from in-
fection or head trauma, and after a long delay develop episodic vertigo in the same ear. This
type of DEH is called ipsilateral DEH. The opposite ear can be affected and the patient has
symptoms of fluctuating hearing loss with or without episodic vertigo. This type of DEH is
called contralateral DEH (Schuknecht 1978). DEH always occurs in patients as a delayed
manifestation of a pre-existing ear pathology (Hicks and Wright 1988). The delay between the
discovery of deafness or profound hearing loss and the onset of vertigo episodes varied in one
study from 1 year to 45 years, averaging of 26.8 years (Schuknecht 1978). In most patients, the
delay is less than 25 years (Lambert 1985).
Causes of hearing loss include head trauma (Schuknecht 1978; Ylikoski et al. 1982; Hicks
and Wright 1988), infections, such as labyrinthitis, meningitis, scarlet fever (Hicks and Wright
1988), mumps, influenza, and diphtheria, and unknown etiology. Acoustic trauma is reported
to cause DEH (Ylikoski 1988). In one study, cytomegalovirus infection was the underlying
cause of hearing loss and subsequent DEH (Huygen and Admiraal 1996). The etiology of DEH
is also unknown. One theory is that simultaneously with the patient becoming symptomatic
with vertigo the hydrops develops from an inflammatory process in the inner ear that has ob-
structed the endolymphatic duct or interfered with venous drainage from the endolymphatic
sac (Lambert 1985).
The vertigo episodes in DEH are of the MD type. However, the DEH entity differs from
MD in that way that the patients have histories of delayed vertigo after profound unilateral
hearing loss. Ipsilateral DEH patients do not usually experience tinnitus or fluctuating hearing
loss. The deaf ear on ENG testing shows reduced vestibular response (Lambert 1985). In the
contralateral type of DEH, the opposite ear may have such symptoms as fullness, pressure, and
tinnitus (Hicks and Wright 1988).
Vertigo in DEH is described as spinning with sudden onset and prolonged duration from
one to several hours. The patient typically also has nausea and vomiting. In contralateral DEH,
the patients develop fluctuating hearing loss in the opposite ear, also occasionally with vertigo
(Schuknecht 1978). The hearing loss is usually discovered in childhood (Hicks and Wright
1988).
Surgical treatment for the ipsilateral type of DEH with disabling vertigo symptoms has
given good results. Surgical techniques include labyrinthectomy and endolymphatic sac sur-
gery (Schuknecht 1978; Hicks and Wright 1988). Younger patients, in particular, could be
treated with endolymphatic sac surgery, and if it fails, vestibular nerve section can subse-
quently be performed (Hicks and Wright 1988). Contralateral DEH is treated conservatively
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with medical therapy, but nondestructive surgery may also be considered if hearing loss or ves-
tibular symptoms worsen (Hicks and Wright 1988).
2.3.8 Posttraumatic vertigo
The incidence of posttraumatic vertigo is not known, but its existence has been noted by
Eviatar et al. (1986), who divided it into five major categories: labyrinthine concussion, whip-
lash syndrome, basilar artery migraine, vertiginous seizures, and  nonspecific posttraumatic
dizziness. This division facilitates setting of a diagnosis and initiating treatment (Eviatar et al.
1986).
In a study of adult patients, primary (vertigo occurring within 24 hours of trauma) neu-
rotological disorders after head trauma included benign paroxysmal positional vertigo, labyrin-
thine concussion, PLF, and central vestibular disorder. Secondary disorders were diagnosed,
on average, six weeks after trauma. The most important of these was DEH, others being cervi-
cogenic vertigo and otolith disorders. Posttraumatic vertigo can manifest in different ways and
can also have a late onset of symptoms, thus being  challenging for otolaryngologists. No sig-
nificant correlation was found between the mechanism of trauma and the type of neurotologi-
cal disorder (Ernst et al. 2005).
The postconcussion syndrome has often been thought to be the reason for posttraumatic
vertigo. However, PLF as a cause of posttraumatic vertigo should be considered, particularly
in patients with persistent or intermittent vertigo or fluctuating hearing loss after head trauma
(Jacobs et al. 1979).
Immediately after head trauma, almost half of children had spontaneous or positional nys-
tagmus. Most children with posttraumatic vertigo recover within 6 months (Vartiainen et al.
1985). In adults, attacks of vertigo can develop a long time after the initial head trauma. The
pathophysiologic explanation for vertigo attacks may be delayed hydrops in the inner ear
(Ylikoski et al. 1982). Children with vertigo showed significantly disturbed body sway on pos-
turography immediately after mild head trauma compared with age-matched controls who had
been followed up for allergic problems but were otherwise healthy (Lahat et al. 1996). The on-
set of vertigo can occur a few weeks or even months after the initial trauma. The underlying
disorder in posttraumatic vertigo, if identified, can be treated (Ernst et al. 2005).
2.3.9 Perilymphatic fistula
The incidence of PLF in children is unknown. It is an abnormal connection between the inner
ear and usually the middle ear. The most common location for fistula is between the oval or
the round membrane and the middle ear. This fistula allows perilymph to leak out of the inner
ear, producing dizziness or vertigo and/or hearing loss (Fitzgerald 1995).
 In PLF, vestibular disturbances have been proposed to be more frequent than hearing loss
(Parnes and McCabe 1987). PLF should be suspected in patients with unilateral, most often
sensorineural hearing loss (SNHL) seen in Ag after head injury, barotrauma, or direct force to
the ear canal. Patients with significant and persistent dizziness after head injury may also have
PLF (Parnes and McCabe 1987; Fitzgerald 1995). Diagnosis of PLF is challenging because the
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symptoms can vary due to an intermittently open and closed PLF. Therefore, test results can
differ from time to time (Fitzgerald 1995).
No specific criteria exist for diagnosing PLF preoperatively. The only certain way to diag-
nose PLF is by microscopic visual inspection during PLF repair (Weber et al. 2003). If no leak
is visible from the inner ear, packing the round and oval windows did not affect vestibular
status (Weber et al. 2003).
Vertigo may or may not be present in congenital PLF. Fitzgerald (1996) noted that younger
individuals (teens and young adults) with pre-existing  SNHL were more prone to developing
an active PLF at some point in their lives than normal-hearing controls. SNHL is a treatable
symptom.
Beta-2 transferrin test from perilymph confirms the existence of  PLF in children and adults
(Weber et al. 1995). Surgical repair of congenital PLF relieves the symptoms of vertigo in
most children (Ruben and Yankelowitz 1989; Weber et al. 2003). With surgery, vestibular
symptoms related to PLF can be treated more effectively than hearing loss (Parnes and
McCabe 1987).
2.3.10 Psychological dizziness
The incidence of psychogenic vertigo or dizziness is unknown, but the disorder is often under-
estimated by clinicians who work with children. The most common complaints of patients with
psychological disorders are headaches, followed by dizziness, and the most frequent disorder
underlying these symptoms is depressive disorder. The most frequent psychosocial stress fac-
tor has been found to be school-related (Emiroglu et al. 2004). In adults, physical neurotologic
conditions are known to trigger psychopathology, such as new anxiety or depressive disorders,
as often as primary anxiety disorders cause dizziness (Staab and Ruckenstein 2003).
Neurologic symptoms, such as headache, vertigo, dizziness, and fainting, can be manifesta-
tions of a psychiatric disorder. Psychosocial stress factors, including school problems, familial
dysfunction, parental psychopathology, and child sexual abuse, were associated with somatic
symptoms. Psychological disorders, particularly depression, should be considered in evalua-
tion of pediatric neurologic populations; early psychiatric consultation can prevent unneces-
sary and sometimes stressful physical examinations (Emiroglu et al. 2004).
2.3.11 Ocular disorders
Ophthalmologic problems, such as convergence insufficiency or latent strabismus with binocu-
lar vision, can cause vertigo. While the incidence is unknown, it is suspected to be quite high
because of frequent computer use and television watching by children. Refractive errors, such
as hyperopia, myopia, and astigmatism, may also underlie vertigo or dizziness (Anoh-Tanon et
al. 2000).
Children diagnosed with ocular disorders are generally older than 6 years, and clinical
manifestations are often accompanied by fatigue. Trigger factors are long exposure to com-
puter or television screens. Most children recover with simple ophthalmic treatment. Anoh-
Tanon et al. (2000) found that in 44% of children vertigo related to ocular disorders was asso-
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ciated with headache, particularly in children with a familial or personal history of migraine.
Moreover, vertiginous children with normal neurological findings and without obvious vesti-
bulopathy after vestibular testing should undergo ophthalmologic consultation before more
costly examinations, such as magnetic resonance imaging (MRI). Electro-oculography with
saccade, smooth pursuit, vergence, and combined movements analysis is useful for diagnosis
and treatment of children with vertigo (Bucci et al. 2004).
2.3.12 Neurological diseases associated with vertigo
When a child has a neurological disease, attention is usually paid to the disease itself and
symptoms, such as dizziness, are neglected unless they are very disabling. Several CNS dis-
eases may be accompanied by vertigo, dizziness, or ataxia. The prevalence of these disorders
causing dizziness has not been established. Epilepsy, migraine (see above), multiple sclerosis,
CNS tumors, CNS infections, transient ischemic attack, hydrocephalus, and malformations of
the brain can all cause dizziness, vertigo, or ataxia (Blayney and Colman 1984; Eviatar 1994;
Bower and Cotton 1995). In a study from a pediatric neurology clinic, a very high incidence of
central vertigo was found (42/50), leaving only 8 children with a peripheral cause for vertigo.
Central causes for vertigo or dizziness were seizures in most children (n=25), other less com-
mon causes being postmeningitic, posttraumatic, migrainous, and psychosomatic. Family his-
tory was positive for seizures in 13 children with seizures. Five of the children with seizures
had had febrile seizures in infancy (Eviatar and Eviatar 1977).
If vertigo or dizziness is suspected to be of epileptic origin, the diagnosis should be con-
firmed with ictal EEG. A brain MRI should be performed to rule out tumors and structural
anomalies. Unrelieved vertigo accompanied by cranial nerve deficits, pyramidal tract signs, or
cerebellar abnormalities suggest a space-occupying lesion in the cerebellopontine angle or the
posterior fossa, and imaging of the head is indicated. The MRI of the brain is helpful in ruling
out demyelinating diseases, such as multiple sclerosis or neuroborreliosis, and degenerative
CNS disorders that can manifest in vertigo or dizziness (Eviatar 1994).
2.3.13 Genetic syndromes associated with vertigo
Some genetic disorders are associated with vertigo. These include Pendred syndrome (PDS),
Usher syndrome subtypes I and III, and coagulation factor C homology (COCH) gene muta-
tions. Morphological anomalies of the inner ear, such as enlarged vestibular aqueduct (EVA),
encountered in 15% of patients with PDS and in Mondini dysplasia may be caused by a muta-
tion in the PDS gene that encodes the transmembrane protein Pendrin. The Pou Domain, class
3, transcription factor 4 (POU3F4) gene mutation, often causing the clinical signs of stapes
fixation and gushers, may also manifest in abnormal vestibular signs and cause vertigo.
EVA is often part of syndrome disorders and usually appears in PDS syndrome. The clini-
cal picture of EVA is typically fluctuating SNHL combined with episodic vertigo. Children
with EVA can suffer from vertigo lasting minutes to hours (Oh et al. 2001). Because the clini-
cal picture in some cases is very similar to PDS, EVA may be a milder variant of PDS rather
than a different disorder (Stinckens et al. 2001). EVA was found to be frequent in the patho-
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genesis of SNHL, especially when the onset of hearing loss was in infancy or childhood (Ber-
rettini et al. 2005). Patients with PDS have been reported to have inner ear malformations,
such as enlargement of the endolymphatic sac and duct and EVA, and less frequently Mondini
dysplasia (Phelps et al. 1998). In Mondini dysplasia, the upper portions of cochlea are hy-
poplastic and form a common cavity. In a Japanese study, mutation in the PDS gene showed
some correlation with the development of an enlarged endolymphatic sac and duct (Naganawa
et al. 2004).
PDS is an autosomal recessive condition characterized by bilateral, sensorineural, and se-
vere to profound hearing loss and by goiter with or without hypothyroidism. The gene mutated
in PDS is located on chromosome 7 and encodes the pendrin protein. This mutated gene is
mainly expressed in the thyroid gland, kidney, and inner ear. The PDS phenotype is highly
variable regarding hearing loss and thyroid problems within a family. Environmental or other
genetic factors therefore have an impact on the PDS phenotype (Napiontek et al. 2004).
The COCH gene, mutated in DFNA9, encodes cochlin, which is an extracellular protein
expressed in spiral ligament and stroma underlying the vestibular sensory epithelium. The
COCH gene causes autosomal dominant inherited hearing loss associated with vestibular dys-
function. The onset of deafness occurs between the second and fifth decades of life, with initial
involvement of higher frequencies.  Vestibular dysfunction is usually noted in patients with
COCH mutations, and symptoms resembling those of MD, including vertigo, tinnitus, and au-
ral fullness, were noted in 25% of patients (Tekin et al. 2001). The condition is rare. Cochlin
protein acts as a master regulator that organizes the specific architecture of the extracellular
matrix (ECM) in the cochlear and vestibular systems, and alterations in cochlin’s ability to in-
tegrate into the ECM or to interact with specific ECM components may lead to DFNA9 deaf-
ness (Grabski et al. 2003). No mutations of the COCH gene were found in patients in hearing
loss families without vestibular symptoms. MD patients also had no mutations of the COCH
gene (Usami et al. 2003).
The Usher syndrome is an autosomal recessive disorder characterized by SNHL and retini-
tis pigmentosa. This syndrome is both clinically and genetically heterogeneous. Based on phe-
notypic variation, patients with Usher can be separated into three main types. In types I and III,
patients have vestibular problems in addition to SNHL and retinitis pigmentosa. In type II, the
vestibular function is intact (Kimbeling 2005). Noteworthy is that in the extension of the Fram-
ingham study the hearing loss was associated in genomic analysis with overlapping regions of
known Usher genes. Thus far, it has not been documented whether expression of these genes
also causes vertigo in children (DeStefano et al. 2003).
2.4 Diagnostic evaluation
Any medical doctor working with children in a hospital or in primary care is likely at some
point to encounter a patient complaining of dizziness. Often by asking the right questions and
conducting appropriate examinations, it is possible to distinguish between recoverable and
progressive course of dizziness and to refer the child onward, to the right place, usually to ei-
ther a neurotologist or a neurologist, for further investigations. The patient history is the most
valuable diagnostic tool in this evaluation process. For example, in the diagnosis of BPVoC, a
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family history of migraine is essential (Al-Twaijri and Shevell 2002). Also MAD in children
can sometimes occur without the headache component, and a positive family history of mi-
graine  can lead to the correct diagnosis (Parker 1989).
2.4.1 Patient history
Many authors emphasize the importance of patient history in diagnostic evaluation of vertigo
in children (Blayney and Colman 1984; Balkany and Finkel 1986; Britton and Block 1988;
Eviatar 1994; Bower and Cotton 1995; Ravid et al. 2003). The history should be detailed and a
family history included. Very young children have limited communication abilities and vo-
cabulary to describe their symptoms but even so can often describe vertigo symptoms. The du-
ration of dizziness and associated symptoms, such as nystagmus, ear symptoms, change in
level of consciousness, headache, sensitivity to flashing lights, drooling, and blurred speech, as
well as other events surrounding the attacks should also be ascertained. Past medical history
should also include neo- and perinatal problems, such as sepsis and other infections treated
with ototoxic drugs, because they can be an underlying cause for dizziness years later (Balkany
and Finkel 1986; Eviatar 1994). Some conditions, e.g. BPVoC, can be diagnosed almost solely
by taking an accurate history. An algorithmic and structured approach is recommended in
evaluating a vertiginous child. To this end, a specific pediatric questionnaire that takes into ac-
count the child’s age has been developed to make it easier for the physician to focus on rele-
vant symptoms and avoid unnecessary examinations (Ravid et al. 2003, Table 2). After cover-
ing the variables in Table 2, a differential diagnosis with, for example, a computer-assisted al-
gorithm can be assigned.
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Table 2: Pediatric structured questionnaire (adapted from Ravid et al. 2003)
Age, years < 5 > 5


























A primary care physician without sophisticated examination possibilities is also able to deter-
mine the otoneurological  status of a child. Otologic examination should include complete ear,
nose, and throat examination, and the ears should be investigated with pneumatic otoscopy.
Tuning fork tests are helpful in differentiating between conductive and sensorineural hearing
loss. Calorics can be done without recording devices and provide information on semicircular
canal function. The Dix-Hallpike positioning maneuver, observation of Hennebert’s sign, and
observation of spontaneous or induced nystagmus with the help of Frenzel glasses should be
included (Bower and Cotton 1995). Head shaking nystagmus can be helpful in evaluation of
unilateral vestibular deficit (Fife et al. 2000). Other tests, such as Romberg, Unterberg, and
hopping tests, reveal how good a patient’s balance is. In neurologic evaluation, it is important
to test all cranial nerves, visual fields, Romberg, Unterberg, finger-to-nose pointing, diado-
chokinesis, tandem gait, heel gait, toe gait, hopping, deep tendon reflexes, muscle tone, and
muscle strength (Eviatar 1994).
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2.4.3 Otoneurological tests
Children with vertigo can be evaluated using the same techniques used for adults, such as calo-
rics and rotational chair testing, with a few minor adjustments to the methodology (Balkany
and Finkel 1986; Levens 1988; Fife et al. 2000). However, the range of normal values in chil-
dren varies more than in adults (Fife et al. 2000), and the data for children cannot be inter-
preted in terms of adult values. Children without vertigo have a higher incidence of spontane-
ous and positional nystagmus than adults (Levens 1988).
In the diagnostic work-up of childhood vertigo, important diagnostic tools were evaluation
of hearing with Ag, tympanometry, and ENG (Britton and Block 1988; Bower and Cotton
1995). Children with persistent and severe ataxia or dizziness should undergo ENG, EEG, and
imaging of the head (Blayney and Colman 1984).
Standard pure-tone audiometry (PTA) enables discrimination between sensorineural and
conductive hearing loss. Ag reveals any asymmetry in hearing thresholds between ears. Hear-
ing loss at specific frequencies can also be documented. Clear asymmetry, especially at higher
frequencies, may suggest a diagnosis of vestibular schwannoma in a child with Neurofibroma-
tosis II. With Ag, the progression of the disease can be followed and any fluctuations in hear-
ing loss at different timepoints observed. This hearing fluctuation especially at the lower fre-
quencies can be a sign of endolymphatic hydrops as in MD. PTA is a subjective test and thus
demands cooperation, which can be insufficient in young children. Children from two to ap-
proximately five years of age can be motivated by play audiometry and younger ones by visual
reinforced audiometry. Objective electrophysiologic tests, primarily auditory brainstem re-
sponse (ABR), are used to estimate hearing sensitivity. These tests can be performed shortly
after birth during an infant’s natural sleep or under a mild sedation or general anesthesia. A
study from Denmark noted that about 50% of children two years of age were able to establish
thresholds in play audiometry at at least three frequencies and nearly 75% of children three
years of age could establish six thresholds or more, and thus, do not necessarily need ABR
(Nielsen and Olsen 1997).
In distinguishing OME from acute OM, pneumatic otoscopy is the primary diagnostic
method, and tympanometry can be used to confirm the diagnosis of OME (American Academy
of Pediatrics [AAP] 2004). The benefits of tympanometry over pneumatic otoscopy are the
possibilities for documentation and increased diagnostic accuracy (AAP 2004).
ENG includes caloric irrigation, testing for spontaneous and positional nystagmus, smooth
pursuit tracking, saccadic eye movements, and optokinetic nystagmus. Video-oculography is
currently overtaking ENG because of its superior sensitivity. It differs from ENG in the
method by which eye movements are recorded (Fife et al. 2000). ENG is a good method in dis-
tinguishing between central and peripheric vertigo (Eviatar 1994; Bower and Cotton 1995;
Bakr and Saleh 2000). The majority of children respond to calorics and rotational testing
within the first two months of age (Balkany and Finkel 1986; Fife et al. 2000).
A positional nystagmus when the head is in a particular position and without latency is in-
dicative of a central lesion. Moreover, a pure vertical or pure torsional nystagmus is always
caused by a central lesion (Salami et al. 2005). Calorics are helpful in documenting unilateral
vestibular hypofunction, but for bilateral vestibular hypofunction, rotational chair testing is
more specific. In children three years of age or younger, rotational testing is more convenient
because the child can sit in the parent’s lap during the test, and vertigo is less intense than in
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caloric testing. In children five years of age or older, both caloric and rotational chair testing
can usually be performed successfully (Fife et al. 2000). In another study, the authors empha-
size the presence of nystagmus over decreased caloric response in diagnosis of peripheral ves-
tibular disorders (Uneri and Turkdogan 2003). Casselbrant et al. (1998) demonstrated that
children with OME have impaired postural responses and increased postural sway in response
to moving visual surroundings compared with healthy controls.
In EEG, electrical activity is measured and registered with surface electrodes on standard-
ized locations on the skull. This test gives particularly good information on cerebral cortical
function. EEG wave forms depend largely on patients’ age and state of alertness. Dizziness,
loss of consciousness and altered behavior can be signs of epileptic seizures. A normal inter-
ictal EEG, seen in about half of epileptic patients, does not exclude the diagnosis of epilepsy,
nor does an abnormal routine EEG necessarily establish it (Menkes 1985; Koskiniemi and
Donner 1987). Thus, it is very important with ictal EEG to rule out true epileptic vertiginous
seizures. The differential diagnosis between epilepsy syndromes and migraine is not always
easy to make, as is the case in occipital lobe epilepsy with visual symptoms, dizziness, vomit-
ing and headache (Sand 2003).
2.4.4 Laboratory tests
For most forms of vertigo, no specific screening tests are available. Eviatar (1994) recom-
mends a complete blood count, serum evaluations for electrolytes, calcium, and magnesium, a
glucose tolerance test, thyroid function tests (T3, T4, TSH), and immunoglobulin evaluations
for all patients complaining of dizziness to exclude underlying causes of metabolic, endocrine,
dysgammaglobulinemia, severe anemia, and sickle cell anemia disorders.
Others believe that routine metabolic screening tests are not helpful, but in suspicion of
dizziness due to, for example, thyroid dysfunction, hypoglycemia, Addison’s disease, and
other metabolic or genetic disorders, laboratory tests can facilitate a diagnosis being set
(Bower and Cotton 1995). If neuroborreliosis is suspected of being an underlying cause of ver-
tigo, serum and cerebro-spinal fluid borrelia antibodies need to be examined. If a child on
regular medication develops dizziness, medication should be considered as a cause of iatro-
genic dizziness; especially some antiepileptics, such as carbamazepine, oxcarbazepine, and
phenytoin, can produce dizziness (Eriksson et al. 2003).
2.4.5 Imaging studies
To rule out intracranial processes and also in cases of head trauma, imaging of the head is
helpful (Britton and Block 1988; Eviatar 1994; Bower and Cotton 1995). However, imaging
studies in children with headaches are of very limited value without clinical evidence of an un-
derlying structural lesion. Brain imaging is indicated in children with headaches for whom a
clinical history cannot be reliably obtained. Conversely, brain imaging should be avoided in
cases of well-defined migraine because imaging is expensive and includes the additional risk
associated with general anesthesia (Maytal et al. 1995). MRI of the head is of value when used
specifically based on the symptoms and signs at presentation (Ravid et al. 2003). Children with
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persistent ataxia or dizziness should undergo head imaging along with other relevant examina-
tions (Blayney and Colman 1984). No systematic studies have been conducted concerning the
value of imaging of the head in vertiginous children.
After head trauma, computerized tomography (CT) can reveal bone fractures. CT of the
ears in chronic ear problems can show cholesteatoma, underlying pathology making the patient
susceptible to PLF, or an inner ear anomaly, such as EVA or Mondini dysplasia, as an underly-
ing cause for dizziness. Sinusitis can cause symptoms that a child describes as dizziness. If
cold symptoms do not improve within 7-10 days, sinusitis should be seriously considered. In
children, the sensitivity and specificity of sinus X-ray are poor. X-ray can, however, be helpful
if an air-fluid level is seen. In cases of complicated sinusitis and when sinus surgery is being
considered, a CT scan is necessary. CT should not be used for diagnostic purposes (Ramadan
2005).  Acute respiratory infections cause mucosal edema in the paranasal sinuses of children.
These mucosal abnormalities tend to resolve without antimicrobial treatment. Thus, clinicians
should not make decisions on treatment based only on radiological findings (Kristo et al.2003).
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3 Aims of the study
The aim of this project was to evaluate the prevalence and clinical characteristics of child-
hood vertigo.
Specific aims were as follows:
1. To determine the prevalence and characteristics of vertigo and balance problems in
Finnish children aged 1-15 years. (I)
2. To evaluate –using a structured approach- the history and findings in vertiginous
children as compared with a control group of healthy children. (II)
3. To assess the prevalence and characteristics of symptoms in vertiginous children
visiting an ENT clinic. (III)
4. To determine the value of and indications for imaging of the head in vertiginous
children. (IV)
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4 Materials and methods
4.1 Subjects
In the prospective epidemiological study from the general population (I), altogether 1050
children in the HUCH area received a screening questionnaire and 938 (473 girls, 465
boys) returned it; thus, the response rate was 89%. The children were aged 1-15 years
(mean 9.3 years). From the same child population, 30 vertiginous children with true epi-
sodes of vertigo of unknown etiology were invited to further examinations at the ENT
clinic (II). True vertigo was defined as rotational or veering vertigo. Children with or-
thostatic hypotension and vertigo due to misuse of alcohol were excluded from the true
vertigo study group. Of those invited, 24 subjects (15 girls, 9 boys) aged 2-16 years par-
ticipated. In all, we studied 24 vertiginous children and 12 healthy age- and gender-
matched controls. Their mean ages were 10.4 years and 10.3 years, respectively. Girls
made up 62% of the study group and 58% of the control group. In Study III, we reviewed
the medical records of all subjects with vertigo, altogether 119 children (63 girls, 56 boys)
aged from 7 months to17 years  (mean age 10.9 years at ENT clinic examination), who
visited the ENT clinic between 2000 and 2004 with a primary complaint of dizziness or
vertigo. In Study IV, we reviewed the medical records of 978 children who had an MRI or
CT of the head or a CT of the ears in 2004. Of these, 87 (40 boys, 47 girls) had imaging of
the head because of vertigo, and we studied them more carefully. We also more closely
examined 23 vertiginous children (13 girls, 10 boys) with a new abnormal finding in im-
ages that was thought to be the underlying cause of vertigo. The Ethics Committee of the
Department of Otorhinolaryngology, HUCH, approved the study protocols (I-IV).
4.2 Methods
In Study I, we collected data on balance problems and vertigo from children in three dif-
ferent schools and one child welfare clinic in the HUCH area. The simple screening ques-
tionnaire with mostly yes/no types of questions also focused on recurrent falls, difficulties
in walking, clumsiness, peculiar behavior, and experienced fear or panic (Appendix in
Study I). At the welfare clinic, the questionnaire with an information letter was given to
300 consecutive children visiting the clinic. At the three schools, we gave a questionnaire
to every child in selected classes. The younger children filled in the questionnaires with
their parents and the older children by themselves. The information on prevalence of ver-
tigo and balance problems and other conditions was stored in a database for analysis.
In Study II, we examined 24 children with true vertigo from the subject pool of Study I
at the ENT clinic. These children provided a detailed history, underwent otoneurologic
and general examinations, and had Ag, ENG, and tympanometry done if the cooperation
was sufficient. A group of 12 healthy controls underwent the same protocol. All data were
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stored in a computer and analyzed by ENT doctors experienced in examining vertigo pa-
tients. We aimed to assign a diagnosis to all children.
In Study III, we collected data from the medical records of 119 vertiginous children
who had visited the  ENT clinic. Data included the nature of vertigo symptoms (acute or
chronic, paroxysmal or continuous, attack severity, number and duration of attacks), pro-
voking factors, ear symptoms (aural fullness, tinnitus, pain, infections, ear operations,
hearing loss), other associated symptoms, examinations done thus far due to vertigo, past
medical history, and any previous consultations with other medical specialists. The data
were stored in the database and analyzed by ENT doctors experienced in treating vertigo
patients, and all children were assigned a diagnosis.
 In Study IV, we reviewed the medical files, including imaging reports of every child
who had had an MRI or CT of the head or a CT of the ears in 2004. Out of 978 children,
we analyzed closely the images and medical records of 87 children who had undergone
imaging of the head due to vertigo, or dizziness during the study year.  We paid attention
to patient’s age, gender, indication for imaging, possible traumas, neurological symptoms,
radiological findings, and other possible diseases. Images with deviant findings were re-
viewed by an experienced neuroradiologist from the Department of Radiology at HUCH.
All data were stored in the database, allowing us to determine the clinical signs warranting
imaging of the head in vertiginous children.
4.3 Statistical analysis
For statistical analysis, we used SPSS statistical program version 10.0. Frequencies,
means, ranges, and standard deviations were calculated for most of the variables in Studies
I-IV.
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5 Results
5.1 An epidemiological study on childhood vertigo (I)
The objective was to determine the prevalence and characteristics of vertigo and balance
problems in Finnish children aged 1-15 years.
Seventy-five children (8%) had experienced vertigo, with prevalence being cumulative
such that older children had experienced more vertigo in their lives than younger children.
The majority of the children (48%, n=36) had 1-2 attacks a year. Of the vertiginous chil-
dren, six (8%) had frequent attacks, at least once a week. The vertigo attacks varied in du-
ration from 1-15 s (35%, n=26) to more than 4 hours (3%, n=2). Vertigo attacks interfered
with normal activities in 23% (n=17) of vertiginous children.
Recurrent falls were experienced by 1% of the children and difficulties in walking by
2%. Clumsiness was most common in children aged 1-5 years; altogether 3% of the chil-
dren had been exceptionally clumsy. Peculiar behavior was reported by 2% and occasional
fear or panic by 3%. A possible provoking factor or reason for vertigo was mentioned in
69% of vertiginous children’s questionnaires.
5.2 Diagnostic evaluation of vertiginous children (II)
In Study II, we aimed to evaluate history and findings in vertiginous children as compared
with a control group of healthy children.
In the vertiginous group, there were significantly more head traumas than in controls
(p<0.05). The two groups did not differ significantly in gestational age, birth weight,
number of neonatal or other serious infections, or travel sickness.
In the children with true episodes of vertigo, the most frequent forms were BPVoC (5
children), MAD (4), and vertigo related to ear infections (4). In 2 children, no definitive
diagnosis was established. Less frequent forms of vertigo were vertigo related to a fast pe-
riod of growth (2 children), hypoglycemia (1), epilepsy-related vertigo (1), stress-
provoked dizziness (2), posttraumatic vertigo (2), and psychological disorders (1). The
characteristics of the children with BPVoC and MAD are presented in Table 3.  The mean
age of children at the onset of symptoms and at the examination were in BPVoC 6 and 9
years and in MAD 9 and 13 years, respectively. Attack frequency was higher but attack
duration shorter in BPVoC children than in MAD children.
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Table 3: Characteristics of children with BPVoC and MAD
Gender AO AE Attack frequency Attack duration Provoking factor
BPVoC M 5 9 weekly 30 seconds not known
BPVoC F 4 7 daily few seconds not known
BPVoC F 2 6 twice a month few minutes not known
BPVoC F 8 13 weekly 10 seconds not known
BPVoC F 10 11 weekly less than one minute hunger
mean 6 9
MAD M 12 16 monthly few minutes lack of sleep, stress, missing a meal
MAD M 9 11 weekly 5 minutes excitement, stress
MAD F 8 11 3 times a year 10 minutes to one hour tiredness, physical strain, thirst
MAD F 7 12 once a year 5-30 minutes travelling in a car, stress, missing a meal
mean 9 13
AO = age of onset
AE = age of examination
M = male
F = female
BPVoC = benign paroxysmal vertigo of childhood
MAD = migraine-associated dizziness
We also calculated the prevalence of vertigo and dizziness in all children based on
questionnaires and examinations at the clinic. The most common cause of vertigo and diz-
ziness was orthostatic hypotension, followed by hypoglycemia, BPVoC, OM-related diz-
ziness, tiredness, and MAD.
Based on our results, the otoneurological examinations did not differ between the
study group and the control group. Head traumas and headaches were more common in
vertiginous children than in controls.
5.3 Vertigo and imbalance in children visiting the ear, nose, and
throat clinic (III)
In Study III, the objective was to evaluate the prevalence and characteristics of symptoms
in vertiginous children visiting an ENT clinic.
The diagnoses are shown in Table 4. Most children (n=92, 77%) had normal hearing in
Ag, with no asymmetry and hearing thresholds equal or better than 20 dB hearing level, 22
(18%) had abnormal Ag, and Ag was unavailable for 5 children (4%). Two girls with a
final diagnosis of MD had sensorineural and unilateral hearing loss as well as hearing fluc-
tuation documented in Ag.
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Table 4: Diagnosis of 119 children with vertigo 
DIAGNOSIS Number of children
Benign paroxysmal vertigo 23
Migraine-associated dizziness 17
Vestibular neuronitis 14










Chronic cholesteatoma and surgery 2
Mal de barquement 1
Benign paroxysmal positional vertigo 1
Autoimmune thyreoiditis, with hypothyreosis 1
Insulin shock-related vertigo 1
Sinusitis-related vertigo 1
Chiari I malformation 1
Ataxia (genetic) 1
Postoperatice vertigo (after astrosytoma operation) 1
CATCH 22 syndrome 1
Ophthalmic vertigo 1
Otitis media-related vertigo and migraine-associated dizziness 1
Mononucleosis 1
TOTAL 119
CATCH 22, cardiac defects, abnormal facies, thymic hypoplasia, 
cleft palate, and hypocalcemia  
 
ENG was performed or attempted in 79 children. Six children did not complete the test 
because of insufficient cooperation. There were unilaterally reduced vestibular responses 
(side difference greater than 25%) in 12 patients with a diagnosis of sudden deafness, MD, 
posttraumatic vertigo, cholesteatoma, or VN. None had bilateral vestibular function loss.  
Ninety of the 119 children (76%) were examined at the Department of Child Neurol-
ogy, Hospital for Children and Adolescents, HUCH; 14 (16%) had deviant neurological 
findings. Imaging of the head was done for 71 children (60%). It was normal in 64 chil-
dren (90%) and abnormal in  7 (10%). Two of these abnormalities were posttraumatic 
fractures, one postoperative condition after brain tumor operation, one anomaly in the 
semicircular canals, one Chiari I malformation, one unilateral labyrinthitis, and one non-
specific postbleeding sign. An ophthalmologic examination was carried out in 23 children 
who, based on history, were thought to have eye-related dizziness, but only one child’s 
vertigo was purely ophthalmologic in origin. 
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5.4 Value of imaging studies in vertiginous children (IV)
The aim of this study was to determine indications for imaging of the head in vertiginous
children.
Their ages ranged from 6 months to 16 years (mean 8.1 years). Of these vertiginous
children, 53 (61%) underwent MRI, 24 (28%) CT, and 10(11%) had both examinations
done. Abnormal findings were present in 37 children’s images; 14 had previously con-
firmed pathological findings that were unchanged and did not explain their new onset of
vertigo, and 23 had a new abnormal finding explaining the vertigo symptoms. Of the 23
children with vertigo and a new finding in images, 19 (83%) had other neurological signs
as well. Four children with a new finding in images had no neurological deficits, but 3 of
them had intense headaches and 1 a temporal bone fracture after head trauma. Of the 23
vertiginous children with a new finding in images, 17 had MRI, 1 with a cerebro-spinal
fluid shunt problem had CT, and 5 had both examinations done. There were 33 vertiginous
children (38%) with deviant neurological signs; 19 (58%) had an abnormal image, 2 (6%)
had no changes from previous images, and 12 (36%) had a normal imaging study. All
children with an obvious pathological finding in images (e.g. brain tumors, multiple scle-
rosis) had cranial nerve deficits or intense headaches. Multiple sclerosis lesions and acute
disseminated encephalomyelitis (ADEM) signals can be difficult to distinguish in head
MRI; however, the final diagnosis is always made based on clinical findings (Figures 1
and 2).
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Figure 1: T2 MRI of a 15-year-old girl with multiple sclerosis lesions.




Studies I and II focused on gathering information on vertigo from a general child popula-
tion. We found that 8% of the children had experienced vertigo or dizziness. Due to severe
vertigo, 23% of these children had had to stop their activity. A thorough history should be
obtained from vertiginous children; especially previous head traumas and occurrence of
headache gave valuable information and were more frequent in vertiginous children than
in controls. The predominant types of vertigo were OM-related vertigo, MAD, and
BPVoC. We reviewed patient data of vertiginous children who visited an ENT clinic dur-
ing 2000-2004. The most common diagnoses were BPVoC, MAD, VN, and OM-related
vertigo. Valuable diagnostic tools in achieving a diagnosis were medical and family histo-
ries, otoneurologic examination, ENG, and Ag. We reviewed the medical papers of chil-
dren who had imaging done due to vertigo. Head imaging in vertiginous children appears
to be helpful only when the child has neurological deficits, or sustained head trauma along
with vertigo. If vertigo is the only symptom, imaging studies of the head are unlikely to
aid in diagnostic work-up.
As in adults, the history and otoneurologic examination are the basis for the majority
of diagnoses. In children a proper history and a description of symptoms may be incom-
plete, due to the lack of vocabulary. In younger children and infants, parental observation
constitutes the history.
Balance problems are not uncommon in children and can limit daily activities. In
Study I, we attempted to differentiate between normal and abnormal clumsiness in very
young children. We did not aim to diagnose the children, but requested their opinion on
provoking factors or the cause of vertigo in the questionnaire. This information was identi-
fied by 69% of the children or their parents. None of the children reported trauma-related
vertigo, perhaps due to the long lag time between the trauma and vertigo onset, making the
correlation difficult to recognize. Posttraumatic vertigo has been cited as a frequent cause
of vertigo in some studies (Eviatar and Eviatar 1977; Bower and Cotton 1995; D’Agostino
et al. 1997; Choung et al. 2003).
 The response rate was 89%. The rate would have been somewhat higher had some
children, especially teenage boys, not responded jokingly to their screening question-
naires. We excluded  any answers that were unclear or frivolous. It is noteworthy that the
study focused on the population located in southern Finland. Hazards, accidents, and dis-
ease profiles may be different in non urban areas or in  populations of other genetic back-
grounds.
As far as we know, there are no earlier studies on prevalence of vertigo in children
from the general population. Previous studies have concentrated either on school-aged
children only (Abu-Arafeh and Russell 1995) or on children who were patients in ENT or
neurological clinics, thus not revealing the true prevalence of vertigo in children (Blayney
and Colman 1984; Bower and Cotton 1995; Choung et al. 2002; Ravid et al. 2003). When
children with vertigo are referred to an ENT clinic, the reason for vertigo is considered to
be peripheral, while children with suspected central problems, MAD, and other paroxys-
mal vertigo attacks are referred to a neurological clinic.
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In Study II, we aimed to diagnose the children with vertigo of unknown etiology. In
conjunction with the detailed history-taking, Ag and ENG yielded the most information.
The number of children in both groups was small, and thus, definitive conclusions could
not be drawn. We had problems in motivating the children to participate in studies at the
clinic, as many of them no longer had vertigo symptoms and the examinations at the ENT
clinic were time-consuming. The controls were also difficult to recruit. Most of the chil-
dren cooperated well. Children with true vertigo were selected to undergo further exami-
nations. Based on the screening questionnaires, it was sometimes difficult to identify the
children with true vertigo and therefore suitable for the study and in need of further ex-
aminations. Children reporting, for example, orthostatic hypotension or dizziness after al-
cohol drinking were, however, quite easy to exclude from the study group.
In Study III, we reviewed medical records and determined medical characteristics of
all children who had visited the Helsinki University ENT clinic because of vertigo. The
major challenge here was to obtain a proper patient history from often poorly documented
medical records. Children with vertigo made up 0.7% of the child population visiting the
ENT clinic during this 5-year period. According to an epidemiological study, there should
have been many more children with vertigo (Russell and Abu-Arafeh 1999). Our diagno-
sis results were in line with earlier studies done in ENT and neurology clinics (Blayney
and Colman 1984; Eviatar 1994; Bower and Cotton 1995; Weisleder and Fife 2001; Ravid
et al. 2003). The most common forms of vertigo were OM-related vertigo, BPVoC, MAD,
and VN. We had two children with MD (1.7%). In the literature, MD prevalence in studies
of vertiginous children has varied from 1.5% to 2.9% (Hausler et al. 1987; Akagi et al.
2001). The most common forms of vertigo were peripheral. This is as expected since the
children were seen in an ENT clinic. Close cooperation between specialists is essential in
establishing a diagnosis. Most of children (76%) had first visited a pediatrician or a child
neurologist and had already undergone neurologic evaluations. When the underlying rea-
son for vertigo was thought to be ear-related or unclear, the child was referred to an ENT
clinic for further evaluation.
In Study IV, we reviewed all medical papers of children who had undergone head im-
aging or CT of the ears during the study year. Abnormal radiological findings were found
in 37 out of 87 children who had imaging done due to vertigo or dizziness. There were 23
children with a new abnormal finding. In their history and at examination, 19 patients had
concomitant neurological signs or deficits, 3 intense headaches, and 1 a previous head
trauma. Children in this study had more central causes of vertigo, reflected in their first
being referred to the Hospital for Children and Adolescents, not to an ENT clinic. The
most common abnormalities in images were brain tumors, CNS infections, and multiple
sclerosis lesions. As far as we know, there are no earlier studies concerning the value of
head imaging in vertiginous children. This study was important to define the signs and
symptoms of children who need imaging of the head. This information will help to dimin-
ish unnecessary and expensive examinations, and young children can avoid unnecessary
general anesthesia.
Of the 23 children with a deviant image, 17 had undergone MRI, 1 with shunt prob-
lems had CT, and 5 had both MRI and CT. Radiation doses of CT scans may be harmful
to children, and therefore, unnecessary head CT should be avoided (Khursheed et al.
2002). The first choice of imaging should always be MRI when available. Nevertheless,
Discussion
40
CT of the head is preferred after head trauma or in children with shunt problems. With re-
cent developments, MRI has become a very sensitive method of neuroimaging but can
also reveal clinically insignificant findings. To counteract the high sensitivity of MRI,
clinical findings should always be related to imaging results.
In Study III, the prevalence of psychogenic vertigo was 5%, which is relatively high.
We are planning a further study on psychogenic comorbidity in vertiginous children. We
also intend to establish a structured questionnaire for pediatric vertigo patients that can be
stored electronically. This is anticipated to improve the quality of patient medical records,
particularly as they pertain to patient histories. Although vertigo in children is not com-
mon, it is seen frequently enough to warrant an adequate understanding by all otologists
and child neurologists.
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7 Conclusions
Based on Studies I-IV, the following conclusions were drawn:
1. Balance problems or vertigo are not rare in children. Of the Finnish capital area
population, 8% of children had at some point experienced vertigo, dizziness, or
balance problems. Of these, 23% had sufficiently severe vertigo to prevent con-
tinuation of their activity.
2. The structured data collection approach eased the evaluation of vertiginous chil-
dren. Otoneurological examinations did not differ between the study group and the
controls. More head traumas and headaches were observed in vertiginous children
than in healthy controls.
3. Vertiginous children comprised 0.7% of children visiting an ENT clinic during the
5-year period. The most common diagnoses were BPVoC, MAD, VN and OM-
related vertigo. In the diagnostic process, the most valuable tools were patient his-
tory, otoneurological examination, ENG, and Ag.
4. Imaging of the head with MRI or CT is indicated for those vertiginous children
with either neurological deficits or persistent headache, or after head trauma. If





This work was conducted at the Department of Otorhinolaryngology, Helsinki University
Central Hospital, in 2000-2006.
Professors Pekka Karma and Jukka Ylikoski and Docent Hans Ramsay are thanked for
providing me with the opportunity to carry out this work.
My deep gratitude is due to my supervisor, Docent Erna Kentala, of the Department of
Otorhinolaryngology for her constructive guidance and support. Over the years, we have
had many frustrating moments, especially during Erna’s two-year visit to USA, but also
lots of joy. Although Erna has recently been extremely busy running the Audiology De-
partment, she has found time to answer my questions. Her knowledge of computers is par-
ticularly impressive.
I am also sincerely grateful to Professor Ilmari Pyykkö, my other supervisor, for his
support, enthusiasm, and constructive advice. He appears to effortlessly correct text, mak-
ing it more rational.
 I warmly thank my coauthors neuroradiologist Leena Valanne and otologist Sylvette
Wiener-Vacher from France.
Docent Juha-Pekka Vasama and Docent Tuula Lönnqvist, the referees of this thesis,
are thanked for constructive criticism and valuable comments on the manuscript. Editing
language of this manuscript by Carol Ann Pelli is greatly appreciated.
During my years of specialization at the clinic I have had the opportunity to get to
know many nice colleagues; Mervi Kanerva, Karin Blomgren, Mari Havia, Johanna
Nokso-Koivisto, Mari Hero, and Satu Passinen, in particular, have lightened the days at
the clinic. Karin Blomgren and Mari Havia are also acknowledged for their substantial
contribution to the study. Specialists and all fellow residents at the Department of Otorhi-
nolaryngology are thanked for pleasant collaboration. Research with Docent Antti Mäkitie
has been a pleasure.
Working as a clinical teacher has been a great and challenging opportunity. We have a
good working atmosphere at the Teaching Department, for which I thank Docent Petri
Mattila, Karin Blomgren, and Antti Aarnisalo, for the period of time that we worked there
together also Kimmo Leskinen and Teemu Kinnari. My sincere thanks are owed to Mirja
Haapanen, the Head Nurse of the Teaching Department, for her generous help with practi-
cal problems and for being so easy to approach. Also Taimi Nordström is thanked.
I thank Irma Hytönen for technical help in data collection.
I also thank the auditory unit for performing the audiological and otoneurological ex-
aminations. Especially Raija Lehtimäki is acknowledged for her extra work in the eve-
nings.
My heartfelt gratitude goes to my beloved husband, Janne, for his ongoing love and
support. Arttu, Jaakko, Fanny, and Sandra, our four children, are my sunshine and the joy
of my life. I am deeply grateful to my mother Tuulikki and my father Risto for providing
me with a solid foundation and unconditional love. My sisters Sari, Meri, Katri, and Maria
and my brother Larri are wonderful friends and great fun to be with. I am particularly
grateful to my twin sister Sari for being my best friend. I am always able to share my joys
and worries with her. My wise and lovely grandmother, Sirkka, I thank for love and sup-
Acknowledgements
Vertigo in Children 43
port. I also thank my other, now deceased, grandmother and grandfather, a PhD himself,
for love and support. I know that they would have been very proud of me today. Special
thanks go to my parents-in-law Raili and Osmo, who are always ready to extend us a help-
ing hand.
I also thank my many friends outside this clinic with whom I have shared countless
joyful moments for reminding me that there is life beyond otorhinolaryngology.
Financial support from the Päivikki and Sakari Sohlberg Foundation, Otolaryngology





Abu-Arafeh I, Russell G. Paroxysmal vertigo as a migraine equivalent in children: a popu-
lation-based study. Cephalalgia 15 (1): 22-5, 1995.
Akagi H, Yuen K, Maeda Y, Fukushima K, Kariya S, Orita Y, Kataoka Y, Ogawa T, Ni-
shizaki K. Meniere’s disease in childhood. Int J Pediatr Otorhinolaryngol 61 (3): 259-
64, 2001.
Al-Twaijri WA, Shevell MI. Pediatric migraine equivalents: Occurrence and clinical fea-
tures in practice. Pediatr Neurol 26: 365-368, 2002.
American Academy of Family Physicians, American Academy of Otolaryngology-Head
and Neck Surgery and American Academy of Pediatrics. Subcommittee on Otitis me-
dia with effusion. 113: 1412-29, 2004.
American Academy of Otolaryngology- Head and Neck Surgery. Committee on Hearing
and Equilibrium quidelines for the diagnosis and evaluation of therapy in Meniere’s
disease. Otolaryngol Head Neck Surg 113(3): 181-7, 1995.
Anoh-Tanon MJ, Bremond-Gignac D, Wiener-Vacher SR. Vertigo is an underestimated
symptom of ocular disorders: dizzy children do not always need MRI. Pediatr Neurol
23 (1): 49-53, 2000.
Bachor E, Wright CG, Karmody CS. The incidence and distribution of cupular deposits in
the pediatric vestibular labyrinth. Laryngoscope 112 (1): 147-51, 2002.
Bakr M, Saleh EM. Electronystagmography: How helpful is it? J laryngol Otol 114 (3):
178-83, 2000.
Balkany TJ, Finkel RS. The dizzy child. Ear Hear 7 (3): 138-42, 1986.
Baloh RW. Vestibular neuritis. N Engl J Med 348 (11): 1027-32, 2003.
Barlow CF. Migraine in the infant and toddler. J Child Neurol 9: 92-4, 1994.
Basser LS. Benign paroxysmal vertigo of childhood. Brain 87: 141-52, 1964.
Berrettini S, Forli F, Bogazzi F, Neri E, Salvatori L, Casani AP, Franceschini SS. Large
vestibular aqueduct syndrome: audiological, radiological, clinical, and genetic features.
Am J Otolaryngol 26: 363-71, 2005.
Blayney AW, Colman BH. Dizzines in childhood. Clin Otolaryngol 9: 77-85, 1984.
Bower CM, Cotton RT. The spectrum of vertigo in children. Arch Otolaryngol Head Neck
Surg 121: 911-15, 1995.
Britton BH, Block LD. Vertigo in the pediatric and adolescent age group. Laryngoscope
98: 139-46, 1988.
Bucci MP, Kapoula Z, Yang Q, Wiener-Vacher S, Bremond-Gignac D. Abnormality of
vergence latency in children with vertigo. J Neurol 251: 204-13, 2004.
Cass SP, Ankerstjerne JKP, Yetiser S, Furman JM, Balaban C, Aydogan B. Migraine-
related vestibulopathy. Ann Otol Rhinol Laryngol 106: 182-89, 1997.
Casselbrant ML, Furman JM, Mandel EM, Fall PA, Kurs-Lasky M, Rockette HE. Past his-
tory of otitis media and balance in four-year-old children. Laryngoscope 110: 773-8,
2000.
Casselbrant ML, Redfern MS, Fall PA, Furman JM, Mandel EM. Visual-induced postural
sway in children with and without otitis media. Ann Otol Rhinol Laryngol 107: 401-
05, 1998.
Choung Y-H, Park K, Moon S-K, Kim C-H, Ryu SJ. Various causes and clinical charac-
teristics in vertigo in children with normal eardrums. Int J Pediatr Otorhinolaryngol 67
(8): 889-94, 2003.
D’Agostino R, Tarantino V, Melagrana A,Taborelli G. Otoneurologic evaluation of child
vertigo. Int J Pediatr Otorhinolaryngol 40: 133-9, 1997.
References
Vertigo in Children 45
DeStefano AL, Gates GA, Heard-Costa N, Myers RH, Baldwin CT. Genomewide linkage
analysis to presbycusis in the Framingham heart study. Arch Otolaryngol Head Neck
Surg 129: 285-89, 2003.
Dix MR, Hallpike CS. The pathology, symptomalogy and diagnosis of certain common
disorders of the vestibular system. Ann Otol Rhinol Laryngol 61: 987-1016, 1952.
Drigo P, Carli G, Laverda AM. Benign paroxysmal vertigo of childhood. Brain and De-
velopment 23: 38-41, 2001.
Emiroglu FNI, Kurul S, Akay A, Miral S, Dirik E. Assessment of child neurology outpa-
tients with headache, dizziness, and fainting. J Child Neurol 19: 332-6, 2004.
Eriksson K, Gaily E, Hyvärinen P, Nieminen P, Vainionpää L. Opas lapsen epilepsiasta,
Epilepsialiitto, 2003.
Ernst A, Basta D, Seidl R, Todt I, Scherer H. Management of posttraumatic vertigo. Oto-
laryngol Head Neck Surg 132: 554-8, 2005.
Eviatar L. Dizziness in children. Pediatric Otology 27 (3): 557-71, 1994.
Eviatar L, Bergtraum M, Randel RM. Post-traumatic vertigo in children: a diagnostic ap-
proach. Pediatr Neurol 2 (2): 61-6, 1986.
Eviatar L, Eviatar A. Vertigo in children: differential diagnosis and treatment. Pediatrics
59: 833-8, 1977.
Fife TD, Tusa RJ, Furman JM, Zee DS, Frohman E, Baloh RW, Hain T, Goebel J, Demer
J, Eviatar L. Assessment: Vestibular testing techniques in adults and children. Neurol-
ogy 55: 1431-41, 2000.
Filipo R, Barbara M. Juvenile Meniere’s disease. J Laryngol Otol 99: 193-6, 1985.
Finkelhor BK, Harker LA. Benign paroxysmal vertigo of childhood. Laryngoscope 97:
1161-63, 1987.
Fitzgerald DC. Persistent dizziness following head trauma and perilymphatic fistula. Arch
Phys Med Rehabil 76: 1017-20, 1995.
Fitzgerald DC. Perilymphatic fistula in teens and young adults: Emphasis on preexisting
sensorineural hearing loss. Am J Otol 17: 397-400, 1996.
Gawron W, Pospiech L, Orendorz-Fraczkowska K. An evaluation of postural stability and
the effects of middle-ear drainage on vestibulo-spinal reflexes of children with chronic
otitis media with effusion. Int J Pediatr Otorhinolaryngol 68 (9): 1175-9, 2004.
Golz A, Netzer A, Angel-Yeger B, Westerman T, Gilbert LM, Joachims HZ. Effects of
middle ear effusion on the vestibular system in children. Otolaryngol Head Neck Surg
119: 695-99, 1998.
Grabski R, Szul T, Sasaki T, Timpl R, Mayne R, Hicks B, Sztul E. Mutations in COCH
that results in non-syndromic autosomal dominant deafness (DFNA9) affect matrix
deposition of cochlin. Human genetics 2003.
Grace ARH, Pfleiderer AG. Dysequilibrium and otitis media with effusion: What is the
association? J Laryngol Otol 104: 682-4, 1990.
Harker LA, Rassekh CH. Episodic vertigo in basilar artery migraine. Otolaryngol Head
Neck Surg 96: 239-50, 1987.
Harno H, Heikkinen S, Kaunisto MA, Kallela M, Häkkinen AM, Wessman M, Färkkilä
M, Lundbom N. Decreased cerebellar total creatine in episodic ataxia type 2: a 1H
MRS study. Neurology 64(3): 542-4, 2005.
Hausler R, Toupet M, Guidetti G, Basseres F, Montandon P. Meniere’s disease in chil-
dren. Am J Otolaryngol 8 (4): 187-93, 1987.
Havia M, Kentala E, Pyykkö I. Prevalence of Meniere’s disease in general population of
Southern Finland. Otolaryngol Head Neck Surg 133 (5): 762-8, 2005.
Hicks GW, Wright JW. Delayed endolymphatic hydrops: A review of 15 cases. Laryngo-
scope 98: 840-45, 1988.
References
46
Huygen PLM, Admiraal RJC. Audiovestibular sequelae of congenital cytomegalovirus
infection in 3 children presumably representing 3 symptomatically different types of
delayed endolymphatic hydrops. Int J Pediatr Otorhinolaryngol 35: 143-154, 1996.
Jacobs GB,  Lehrer JF,  Rubin RC, Hubbard JH,  Nalebuff DJ, Wille RL. Posttraumatic
vertigo. J Neurosurg 51: 860-1, 1979.
Jen J, Kim GW, Baloh RW. Clinical spectrum of episodic ataxia type 2. Neurology 62:
17-22, 2004.
Karlberg M, Annertz M, Magnusson M. Acute vestibular neuritis visualized by 3-T mag-
netic resonanceimaging with high-dose Gadolinium. Arch Otolaryngol Head Neck
Surg 130: 229-32, 2004.
Khursheed A, Hillier MC, Shrimpton PC, Wall BF. Influence of patient age on normalized
effective doses calculated for CT examinations. Br J Radiol 75: 819-30, 2002.
Kimberling WJ. Estimation of the frequency of occult mutations for an autosomal reces-
sive disease in the presence of genetic heterogeneity: Application to genetic hearing
loss disorders. Human Mutation 26(5): 462-470, 2005.
Koskiniemi ML, Donner M. Lapsen neurologinen tutkiminen, Kandidaattikustannus Oy,
1987.
Koyuncu M, Saka MM, Tanyeri Y, Sesen T, Unal R, Tekat A, Yilmaz F. Effects of otitis
media with effusion on the vestibular system in children. Otolaryngol Head Neck Surg
120: 117-21, 1999.
Kristo A, Uhari M, Luotonen J, Koivunen P, Ilkko E, Tapiainen T, Alho O-P. Paranasal
sinus findings in children during respiratory infection evaluated with magnetic reso-
nance imaging. Pediatrics 111(5): 586-9, 2003.
Lahat E, Barr J, Klin B, Dvir Z, Bistrizer T,Eshel G. Postural stability by computerized
posturography in minor head trauma. Pediatr Neurol 15: 299-301, 1996.
Lambert PR. Delayed vertigo and profound sensorineural hearing loss. Laryngoscope 95:
1541-44, 1985.
Lanzi G, Balottin U, Fazzi E, Tagliasacchi M, Manfrin M, Mira E. Benign paroxysmal
vertigo of childhood: a long-term follow-up. Cephalalgia 14: 458-60, 1994.
Levens SL. Electronystagmography in normal children. Br J Audiol 22 (1): 51-6, 1988.
Maytal J, Bienkowski RS, Patel M, Eviatar L. The value of brain imaging in children with
headaches. Pediatrics 96 (3 Pt 1): 413-6, 1995.
Meniere P. Pathologie auriculaire. Gazette Medicale de Paris. 1861.
Menkes J. Textbook of child neurology, Lea & Febiger, 1985
Meyerhoff WL, Paparella MM, Shea D. Meniere’s disease in children. Laryngoscope 88
(9 Pt 1): 1504-11, 1978.
Naganawa S, Koshikawa T, Fukatsu H, Ishigaki T, Sato E, Sugiura M, Yoshino T, Naka-
shima T. Enlarged endolymphatic duct and sac syndrome: relationship between MR
findings and genotype of mutation in Pendred syndrome gene. Magnetic resonance im-
aging 22: 25-30, 2004.
Napiontek U, Borck G, Muller-Forell W, Pfarr N, Bohnert A, Keilmann A, Pohlenz J. In-
trafamilial variability of the deafness and goiter phenotype in Pendred syndrome
caused by a T416P mutation in the SLC26A4 gene. J Clin Endocrinol Metab 89: 5347-
51, 2004
Neuhauser H, Lempert T. Vertigo and dizziness related to migraine: a diagnostic chal-
lenge. Cephalalgia 24: 83-91, 2004.
Neuhauser H, Leopold M, von Brevern M, Arnold G, Lempert T. The interrelations of mi-
graine, vertigo, and migrainous vertigo. Neurology 56: 436-41, 2001.
Nielsen SE, Olsen SO. Validation of play-conditioned audiometry in a clinical setting.
Scand Audiol 26(3): 187-91, 1997.
References
Vertigo in Children 47
Oh AK, Ishiyama A, Baloh RW. Vertigo and the enlarged vestibular aqueduct syndrome. J
Neurol 248: 971-4, 2001.
Parker C. Complicated migraine syndromes and migraine variants. Pediatric Annals 26:
417-21, 1997.
Parker W. Migraine and the vestibular system in childhood and adolescence. Am J Otol
10: 364-71, 1989.
Parnes LS, McCabe BF. Perilymph fistula: an important cause of deafness and dizziness in
children. Pediatrics 80 (4): 524-8, 1987.
Phelps PD, Coffey RA, Trembath RC, Luxon LM, Grossman AB, Britton KE, Kendall-
Taylor P, Graham JM, Cadge BC, Stephens SG, Pembrey ME, Reardon W. Radiologi-
cal malformations of the ear in Pendred syndrome. Clin Radiol 53: 268-73, 1998.
Ramadan HH. Pediatric sinusitis: Update. J Otolaryngol 34 (Suppl 1): 14-7, 2005.
Ravid S, Bienkovski R, Eviatar L. A simplified diagnostic approach to dizziness in chil-
dren. Pediatr Neurol 29: 317-20, 2003.
Rothman R, Owens T, Simel DL. Does this child have acute otitis media? JAMA 290(12):
1633-40, 2003.
Rovers MM, Schilder AGM, Zielhuis GA, Rosenfeld RM. Otitis media. Lancet 363: 465-
73, 2004.
Ruben RJ, Yankelowitz SM. Spontaneous perilymphatic fistula in children. Am J Otol 10:
198-207, 1989.
Russell G, Abu-Arafeh I. Paroxysmal vertigo in children- an epidemiological study. Int J
Pediatr Otorhinolaryngol 49 (suppl.1): 105-7, 1999.
Salami A, Dellepiane M, Mora R, Taborelli G, Jankowska B. Electronystagmography
findind in children with peripheral and central vestibular disorders. Int J Pediatr
Otorhinolaryngol in press, 2005.
Sand T. Electroencephalography in migraine: a review with focus on quantitative electro-
encephalography and the migraine vs. epilepsy relationship. Cephalalgia 23 (1): 5-11,
2003.
Schuknecht HF. Delayed endolymphatic hydrops. Ann Otol 87: 743-48, 1978.
See GB, Mahmud MR, Zurin AA, Putra SH, Saim LB. Vestibular nerve section in a child
with intractable Meniere’s disease. Int J Pediatr Otorhinolaryngol 64(1): 61-4, 2002.
Shirabe S. Vestibular neuronitis in childhood. Acta Otolaryngol Suppl.458: 120-2, 1988.
Staab JP, Ruckenstein MJ. Which comes first? Psychogenic dizziness versus otogenic
anxiety. Laryngoscope 113 (10): 1714-8, 2003.
Stahle J, Stahle C, Arenberg IK. Incidence of Meniere’s disease. Arch Otolaryngol 104
(2): 99-102, 1978.
Stinckens C, Huygen P, Joosten F, Van Camp G, Otten B, Cremers C. Int J Otorhi-
nolaryngol 61: 207-15, 2001.
Taborelli G, Melagrana A, D’Agostino R, Tarantino V, Calevo MG. Vestibular neuronitis
in children: study of medium and long term follow-up. Int J Ped Otorhinolaryngol 54:
117-21, 2000.
Tahara T, Sekitani T, Imate Y, Kanesada  K, Okami M. Vestibular neuronitis in children.
Acta Otolaryngol 503 (suppl.): 49-52, 1993.
Takata GS, Chan LS, Morphew T, Mangione-Smith R, Morton SC, Shekelle P. Evidence
assesment of  the accuracy of methods of diagnosing middle ear effusion in children
with otitis media with effusion. Pediatrics 112: 1379-87, 2003.
Tekin M, Arnos K, Pandya A. Advances in hereditary deafness. Lancet 358: 1082-90,
2001,
Uneri A, Turkdogan D. Evaluation of vestibular functions in children with vertigo attacks.
Arch Dis Child 88: 510-1, 2003.
References
48
Usami S, Takahashi K, Yuge I, Ohtsuka A, Namba A, Abe S, Fransen E, Patthy L, Otting
G, Van Camp G. Mutations in the COCH gene and a frequent cause of autosomal
dominant progressive cochleo-vestibular dysfunction, but not of Meniere’s disease.
Eur J Hum Genet 11(10): 744-8, 2003.
Vartiainen E, Karjalainen S, Karja J. Vestibular disorders following head injury in chil-
dren. Int J Pediatr Otorhinolaryngol 9 (2): 135-41, 1985.
Von Brevern M, Zeise D, Neuhauser H, Clarke AH, Lempert T. Acute migrainous vertigo:
Clinical and oculographic findings. Brain 128: 356-74, 2005.
Weber PC, Bluestone CD, Kenna MA, Kelley RH. Correlation of Beta-2 Transferrin and
middle ear abnormalities in congenital perilymphatic fistula. Am J Otol 16: 277-82,
1995.
Weber PC, Bluestone CD, Perez B. Outcome of hearing and vertigo after surgery for con-
genital perilymphatic fistula in children. Am J Otolaryngol 24: 138-42, 2003.
Weisleder P, Fife TD. Dizziness and headache: a common association in children and ado-
lescents. J Child Neurol 16: 727-30, 2001.
Ylikoski J, Palva T, Sanna M. Dizziness after head trauma: Clinical and morphologic find-
ings. Am J Otol 3: 343-352, 1982.
Ylikoski J. Delayed endolymphatic hydrops syndrome after heavy exposure to impulse
noise. Am J Otol 9: 282-85, 1988.
